PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
E21B 17/06, 17/05, 21/10 



Al 



(11) International Publication Number: WO 98/38410 

(43) International Publication Date: 3 September 1998 (03.09.98) 



(21) International Application Number: PCT/EP98/01 129 

(22) International Filing Date: "24 February 1998 (24.02.98) 



(30) Priority Data: 

97200538.3 25 February 1997 (25.02.97) EP 

(34) Countries for which the regional or 

international application was filed: GB et al. 



(71) Applicant (for all designated States except CA): SHELL 
INTERNATIONALE RESEARCH MAATSCHAPPIJ B.V. 
[NL/NL]; Carel van Bylandtlaan 30, N1^2596 HR The 
Hague (NL). 

(71) Applicant (for CA only): SHELL CANADA LIMITED 

[CA/CA]; 400 - 4th Avenue S.W., Calgary, Alberta T2P 
2H5 (CA). 

(72) Inventors: BEST, Bruno; Volmerlaan 8, NI^-2280 AB Rijswijk 

(NL). VAN BUREN, Markus, Antonius; Volmerlaan 8, 
NL-2280 AB Rijswijk (NL). 



(81) Designated States: AU, BR, CA, CN, NO, Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: DOWNHOLE CLUTCH WITH FLOW PORTS 
(57) Abstract 

A drill string tool (1) for use in a wellbore formed in an earth formation is provided. 
The tool comprises a first element (1A) connectable to an upper drill string part (3) a second 
element (5) connectable to a lower drill string part (7) bearing means (II) allowing rotation 
of the first element relative to the second element about the longitudinal axis (9) of the drill 
string, and rotation transfer means (15) for transferring rotation of the first element about the 
longitudinal axis to the second element. Furthermore there is provided control means (28) for 
selectively disengaging said rotation transfer means so as to selectively allow the first element 
to rotate relative to the second element by virtue of said bearing means. 




BNSDOCID: <WO 983841 OA 1_L> oto I AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MB 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Kaso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d" I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 9838410A1J_> 



« 



WO 98/38410 



PCI7EP98/01129 



- 1 - 



D0WNH0LE CLUTCH WITH FLOW PORTS * 

The present invention relates to a drill string 
tool for use in a drill* string extending in a wellbore 
formed in an ea.rth formation. 

Wellbores which are drilled in the earth formation 
5 for hydrocarbon exploration and production purposes 

become ever deeper and more complex in geometry as many 
times curved, inclined or horizontal sections are 
included. Such deep and complex wellbores impose 
stringent requirements on the drill strings used. 

10 However an unresolved problem is the occurrence of 

large friction forces between the drill string and the 
wellbore wall, which friction forces often hamper 
adequate wellbore operations. 

For example it frequently occurs that the lower 

15 drill string part, generally referred to as the bottom 

hole assembly (BHA) , becomes stuck in the wellbore. To 
release the stuck part of the drill string, a tensile- 
or compressive force is applied to the upper drill 
string part to free the stuck lower drill string part. 

20 To increase the effect of such force, a jarring tool is 

generally incorporated in the drill string at a 
location above the part of the drill string which is 
suspected to become stuck in the wellbore. Such jarring 
tool includes, for example, telescoping upper and lower 

25 parts, the upper part being connected to the upper 

drill string part and the lower part being connected to 
the lower drill string part. Upon applying a tensile- 
or compressive force to the upper drill string part, 
the upper telescoping part is initially subjected to a 

30 high resistance against upward or downward movement 

(for example by means of a narrow flow restriction for 
hydraulic oil) and thereafter suddenly to a low 
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resistance against such movement until a stop prevents 
further movement. As a result, elastic energy which has 
initially accumulated in the upper drill string part is 
suddenly- .released and causes an impact force on the 
5 lower drill string part. 

A problem of the conventional method of releasing a 
drill string is the occurrence of large longitudinal 
friction forces between the drill string and the 
wellbore wall, which friction forces significantly 

10 reduce the effective tensile- or compressive force at 

the stuck part of the drill string. Especially in 
highly deviated wellbores a large part of the tensile- 
or compressive force is counter-acted by longitudinal 
friction forces. Furthermore, the friction forces 

15 increase with increasing length of the drill string, so 

that for deeper wellbores it will be more difficult to 
free the drill string. 

Furthermore, in wellbore drilling it is frequently 
required to clean the wellbore by removing drill 

20 cuttings from the wellbore using a stream of drilling 

fluid. However, a significant part of the drill 
cuttings sometimes cannot be efficiently removed. 

It is an object of the present' invention to provide 
a drill string tool and a method for significantly 

25 reducing the longitudinal friction forces imposed by 

the wellbore on the drill string. 

It is another object of the invention to provide a 
drill string tool and a method for enhanced wellbore 
cleaning. 

30 In accordance with one aspect of the invention 

there is provided a drill string tool for use in a 
wellbore formed in an earth formation, the tool 
comprising a first element connectable to an upper 
drill string part, a second element connectable to a 

35 lower drill string part, bearing means allowing 

rotation of the first element relative to the second 
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element about the longitudinal axis of the drill 
string, rotation transfer means for transferring 
rotation of the first element about the longitudinal 
axis to the second element, and control means for 
5 selectively disengaging . said rotation transfer means so 

as to selectively allow the first element to rotate 
relative to the second element by virtue of said 
bearing means . 

The method of operating the drill string tool 

10 according to the invention, wherein the first element 

is connected to the upper drill string part extending 
in said wellbore and the second element is connected to 
the lower drill string part extending in the wellbore, 
comprises the steps of: 

15 a) rotating the upper drill string part while the 

rotation transfer means transfers the rotation of the 
first element to the second element so as to rotate the 
lower drill string part in order to drill a section of 
said wellbore; 

20 b) inducing the control means to disengage the 

rotation transfer means so as to allow the first 
element to rotate relative to the second element by 
virtue of the bearing means; and 

c) rotating the upper drill string part about its 
25 longitudinal axis while the lower drill string part 

remains substantially stationary. 

When, for example, the lower drill string part has 
become stuck in the wellbore, the rotation transfer 
means is disengaged which allows rotation of the upper 
30 drill string part in the wellbore relative to the lower 

drill string part. Since the direction of the friction 
forces imposed by the wellbore wall on the drill string 
is the direction of relative movement, these forces are 
substantially in circumferential direction of the upper 
35 drill string part during rotation thereof. Any 

additional longitudinal friction force component which 
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may arise as a result of an applied longitudinal force 
to the string, has a reduced magnitude due to the 
limited magnitude of the total friction force (as for 
example defined in Coulomb's friction law). Thus by 
5 rotating the upper drill string part while the lower 

drill string part remains stationary, it is achieved 
that the longitudinal friction component is signifi- 
cantly reduced. In case of a stuck lower drill string 
part, virtually the entire applied longitudinal force 
10 at surface minus the weight of the string is therefore 

available downhole for releasing the stuck lower drill 
string part. 

Suitably the drill string tool is applied in case 
the lower drill string part has become stuck in the 

15 wellbore, wherein during step c) a longitudinal force 

is applied to the upper drill string part so as to 
release the lower drill string part from the wellbore. 

The drill string tool according to the invention 
can also be applied for the purpose of wellbore 

20 cleaning, wherein during or after step c) wellbore 

fluid flows through the wellbore so as to clean the 
wellbore from drill cuttings. By rotating the upper 
drill string part the wellbore fluid which surrounds 
the drill string is set in motion so that rock 

25 particles, such as drill cuttings, move together with 

the wellbore fluid. Thereby such rock particles can be 
removed from the wellbore more efficiently, while the 
drill bit at the lower end of the drill string remains 
stationary . 

30 In order to enhance the wellbore cleaning 

efficiency, suitably the rotational speed of the upper 
, drill string part during step c) is selected so as to 

induce a lateral vibration of the upper drill string 

part in the wellbore. 
35 More preferably the upper drill string part is 

induced to take a helical shape in the wellbore during 
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step c) . This can be achieved, for example, by allowing 
the upper drill string part to buckle in a controlled 
manner. The rotating helical upper- drill string part 
has a pumping effect in the wellbore so that wellbore 
5 fluid and particles are. pumped out of the wellbore. 

The invention will be described hereinafter in more 
detail and by way of example with reference to the 
accompanying drawing in which 

Fig. 1 schematically shows a longitudinal cross- 
10 section of. the drill string tool according to the 

invention . 

The drill string tool 1 shown in Fig. 1 includes a 
first element in the form of mandrel la connected by a 
connector 2 to an upper drill string part 3, and a 

15 second element in the form of housing 5 connected by a 

connector 6 to a lower drill string part 7. The mandrel 
la is rotatable within the housing 5 around the 
longitudinal axis 9 of the tool by means of bearings 11 
located between the mandrel la and the housing 5, the 

20 bearings 11 allowing no other relative movement between 

the mandrel la and the housing 5. A clutch 15 is 
arranged within the housing 5 via a spline arrangement 
17 which allows sliding of the clutch 15 within the 
housing in longitudinal direction thereof between two 

25 end positions. The clutch is at its end nearest the 

mandrel la provided with teeth 19 which fit into 
corresponding recesses 20 provided in the mandrel la, A 
spring 22 urges the clutch 15 to a first end position 
whereby the teeth 19 are located in the recesses 20, in 

30 which first end position rotational movement of the 

mandrel la is transferred via the cooperating recesses 
20 and teeth 19, and via the spline arrangement 17, to 
the housing 5. 

A fluid passage 24 for the flow of drilling fluid 

35 extends longitudinally through mandrel la, clutch 15 

and housing 5. A seat 26 for an elastomeric activating 



BNSDOCID: <WO 983841 OA 1_l_> 



WO 98/38410 



- 6 - 



PCT/EP98/01129 



ball 28 is arranged in the fluid passage 24 within the 
clutch 15, the seat 26 and the activating ball 28 being 
so dimensioned that the activating ball 28 plugs the 
fluid passage 24 within the clutch 15 when located on 
the seat 26. A plurality of outlet openings 30 is 
provided in the housing 5, which outlet openings 30 
provide fluid communication between the interior and 
the exterior of the housing 5. The clutch 15 closes the 
outlet openings 30 when the clutch is in its first end 
position. The second end position of the clutch 15 is 
defined by suitable stop means (not shown) , in which 
second end position the spring 22 is more compressed 
than in the first end position and the outlet openings 
are not closed by the clutch 15. 

The elastomeric ball 28 is so dimensioned that the 
ball 28 is squeezed through the seat 26 and through the 
fluid passage 24 in the clutch 15 upon application of a 
suitable over-pressure in the fluid passage 24 upstream 
the ball 28. A ball receiver (not shown) which is 
suitable to receive and retain a plurality of balls 28 
is located within a space 32 in the housing 5 where the 
spring 22 is located. 

During normal use of the drill string tool 1 for 
the purpose of releasing the lower drill string part 7 
which is stuck in a wellbore the tool 1 is located in 
the drill string above or below a jarring tool (not 
shown) incorporated in the lower drill string part 7, 
but above the stuck point. The clutch 15 is urged by 
spring 22 in the first end position which is the normal 
drilling position. In this position the outlet openings 
30 are closed and rotational movement of the mandrel la 
is transferred by the clutch 15 to the housing 5. 
Drilling fluid is pumped through the fluid passage 24 
to a drill bit (not shown) at the lower end of the 
drill string. In order to release the stuck lower drill 
string part 7 the activating ball 28 is pumped through 
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the drill string to the seat 26 so as to plug the fluid 
passage 24. The fluid pressure thereby increases (due 
to continued pumping), and urges the clutch 15 to its 
second end position. As the clutch 15 moves to its 
5 second end position the. outlet openings 30 become 

uncovered so that drilling fluid flows from the passage 
24, through the openings 30, to the annular space (not 
shown) between the drill string and the wellbore. 
With the clutch 15 in its second position, the 

10 mandrel la can freely rotate within the housing 5. By 

rotating the upper drill string part 3 and the mandrel 
la, the friction force between the drill string and the 
wellbore wall is directed circumf erentially . In this 
situation any longitudinal movement imposed on the 

15 upper drill string part 3 does not lead to a 

longitudinal friction force component of substantial 
magnitude because the magnitude of the total friction 
force is limited. Thus, a pulling force applied to the 
upper drill string part 3 is not counter-acted by any 

20 significant longitudinal friction force. As a result 

substantially the whole pulling force is available to 
accumulate elastic energy in the upper drill string 
part 3. The jarring tool abruptly releases this 
accumulated energy so as to create a strong impact 

25 force which releases the lower drill string part. 

After the drill string has been released from the 
wellbore a selected over-pressure is applied to the 
fluid in passage 24 so as to squeeze the ball 28 to the 
space 32 where the ball 28 is received and retained by 

30 the ball receiver. Following the arrival of the ball 28 

in space 32 the fluid pressure in the passage 24 
decreases again so that spring 22 urges clutch 15 back 
to its first end position so as to be re-engaged, and 
drilling can be resumed. 

35 During normal use of the drill string tool 1 for 

the purpose of wellbore cleaning, the activating ball 
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28 is pumped through the drill string in order to 
disengage the clutch 15 and to free the outlet- openings 
30, as described above. The upper drill string part 3 
is then -rotated at a speed selected so as to create a 
5 lateral vibration thereof while wellbore fluid is 

circulated through the drill string via outlet 
openings 30. The vibrating drill string enhances the 
cleaning efficiency of the circulating wellbore fluid. 
Instead of inducing lateral vibration of the upper 

10 drill string part for the purpose of wellbore cleaning, 

the upper drill string part can be induced to take a 
helical shape during rotation in the wellbore. The 
rotating helical upper drill string part acts as a pump 
which pumps wellbore fluid and particles contained 

15 therein out of the wellbore. 

In an alternative arrangement the second element 
and the jarring apparatus are integrally formed. 

Instead of applying the activating ball arrangement 
to control the clutch as described above, engagement 

20 and disengagement can be achieved by a "J-slot n 

mechanism. In such mechanism the clutch can be 
controlled by lowering or raising the upper drill 
string part and applying a selected amount of rotation 
thereto. Such "J-slot" mechanism can be applied, for 

25 example, in a so-called fishing string, and can be 

combined with a fluid pressure pulse activating 
mechanism for engaging / disengaging the clutch. 

Alternatively a wireless telemetry system can be 
applied in combination with a down-hole clutch actuator 

30 to control the clutch. For example, in such system a 

downhole mud-pulse receiver receives a mud pulse signal 
from surface, which mud pulse signal contains an 
instruction to engage or to disengage the clutch. The 
mud pulse signal is encoded by an electronic system 

35 which controls a hydraulic system for engaging or 

disengaging the clutch. The power required to operate 



BNSDOCID: <WO 9838410A1_I_> 



WO 98/38410 



- 9 - 



PCT/EP98/01129 



the down-hole electronics and hydraulics systems 
including the actuator can be generated from the mud 
stream by a turbine / alternator combination commonly 
used in Measurement While Drilling tools. 



WO 98/38410 



PCT/EP98/01129 



- 10 - 
CLAIMS 

1 . A drill string tool for use in a wellbore formed in 
an earth formation, the* tool comprising a first element 
connectable to an upper drill string part, a second 
element connectable to a lower drill string part, 

5 bearing means allowing rotation of the first element 

relative to the second element about the longitudinal 
axis of the drill string, rotation transfer means for 
transferring rotation of the first element about the 
longitudinal axis to the second element,. and control 
10 means for selectively disengaging said rotation 

transfer means so as to selectively allow the first 
element to rotate relative to the second element by 
virtue of said bearing means, 

2. The drill string tool of claim 1, wherein said 
15 rotation transfer means comprises a clutch. 

3. The drill string tool of claim 1 or 2, wherein said 
control means comprises an object which is movable 
through the drill string to the tool. 

4. The drill string tool of claim any one of 

20 claims 1-3, wherein the first element is connected to 

the upper drill string part and the second element is 
connected to the lower drill string part, and wherein 
the drill string includes a jarring apparatus. 

5. The drill string tool of claim 4, wherein the tool 
25 and the jarring apparatus are integrally formed. 

6. The drill string tool of claim 4 or 5, wherein the 
jarring apparatus is located in the lower drill string 
part . 

7. A method of operating the drill string tool of any 
30 one of claims 1-6, the first element being connected 

to the upper drill string part extending in said 
wellbore and the second element being connected to the 
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lower drill string part extending in the well-bore, the 
method comprising the steps of: 

a) rotating the upper drill string part while the 
rotation. transfer means transfers the rotation of the 

5 first element to the se.cond element so as to rotate the 

lower drill string part in order to drill a section of 
said wellbore; 

b) inducing the control means to disengage the 
rotation transfer means so as to allow the first 

10 element to rotate relative to the second element by 

virtue of the bearing means; and 

c) rotating the upper drill string part about its 
longitudinal axis while the lower drill string part 
remains substantially stationary. 

15 8. The method of claim 7, wherein the lower drill 

string part has become stuck in the wellbore, and 
wherein during step c) a longitudinal force is applied 
to the upper drill string part so as to release the 
lower drill string part from the wellbore. 

20 9. The method of claim 7 or 8, wherein during or after 

step c) wellbore fluid flows through the wellbore so as 
to clean the wellbore from drill cuttings. 

10. The method of any one of claims 7-9, wherein the 
rotational speed of the upper drill string part during 

25 step c) is selected so as to induce a lateral vibration 

of the upper drill string part in the wellbore. 

11. The method of any one of claims 7-9, wherein the 
upper drill string part is induced to take a helical 
shape in the wellbore during step c) . 

30 12. The tool substantially as described hereinbefore 

with reference to the drawing. 

13. The method substantially as described hereinbefore 
with reference to the drawing. 
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